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THE REPRODUCIBILITY OF INCOMPLETE SKULLS USING FREEFORM 
MODELING PLUS SOFTWARE 
GINA MARIE GENTILUOMO 
ABSTRACT 
As early as 1883, forensic artists and forensic anthropologists have utilized 
forensic facial reconstruction in the attempt to identify skulls from decomposed remains. 
Common knowledge dictates that in order to complete identification from the skull with 
facial reconstruction, the splanchnocranium (also known as the viscerocranium or facial 
portion of the skull) needs to still be intact.  However, there has been very little research 
conducted (Colledge 1996; Ismail 2008; Wilkinson and Neave 2001) to determine the 
minimal amount of intact skull that can be present for a reconstruction to still be possible 
and accurate.  Accordingly, in the present study, the researcher attempted to prove that a 
skull with significant damage to the splanchnocranium could be repaired and facially 
reconstructed to bear a likeness to the original skull and face. 
Utilizing FreeForm Modeling Plus Software, version 11.0 (Geomagic Solutions – 
Andover, MA), in conjunction with the Phantom Desktop Haptic Device (Geomagic 
Solutions – Andover, MA), five CT scans of males between 19 and 40 years old and of 
varying ethnicities (four Caucasian and one Asian) were digitally altered to present 
significant skull damage to the splanchnocranium.  The hard tissue digital images were 
repaired using the same software mentioned above and template skulls (i.e., superfluous 
CT scanned skulls of similar age, sex, and ancestry).  The soft tissue digital images were 
 ix
facially reconstructed also utilizing the same software mentioned above and by following 
basic tissue depth charts/placement rules and guidelines for feature reconstruction.   
The reconstructed images were compared to their original CT scans in a side-by-
side comparison.  Assessors were given a rating scale rubric to fill out that asked them 
specific questions pertaining to both certain facial features and overall similarity between 
the original and reconstructed images.  Two of the reconstructions each ranked an overall 
29% “close resemblance” to their original counterparts, one was ranked an overall 71% 
“no resemblance” to its original counterpart, and the other three fell somewhere in the 
middle (“slight” or “approximate”) in the rating scale.  The results reflected a number of 
issues related to this project (i.e., the researcher’s lack of artistic skill) and to facial 
reconstruction in general (i.e., tissue depth measurement charts) and showed that while it 
is not impossible to reconstruct skulls that had been damaged in some capacity, the 
accuracy of the resulting facial reconstruction is questionable. 
Future studies would benefit from using an artist to reconstruct the images rather 
than someone with little to no experience in the field, a larger sample size consisting of 
one ancestry to avoid the cross-race effect, a comparison of the original skull to the 
repaired one utilizing Geomagic Qualify (Geomagic Solutions – Andover, MA) to glean 
an overall view of the project’s accuracy, and utilization of a photo lineup as the method 
of comparison in addition to a side-by-side comparison to give a more realistic feel to the 
comparison process.    
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CHAPTER 1:  INTRODUCTION  
 
“It is the common wonder of all men, how among so many millions of faces, 
 there should be none alike.”   
~ Thomas Browne, Religio Medici 
 
 While the job of a forensic anthropologist is to determine the biological profile 
(i.e., sex, age, ancestry, stature, etc.) of skeletal remains and compare it to known missing 
individuals, in some instances this is not possible.  When the biological profile 
comparisons yield no such matches, and attempts at positive identification (forensic 
odontological comparisons or DNA matching) have been exhausted or were not possible 
from the start, forensic anthropologists sometimes must turn to facial reconstruction as a 
source of presumptive identification, which can open up new leads in other methods for 
the investigator to explore in making a positive identification.   
 The human face can reveal much identification information about a person:  sex, 
age, ancestry, and even health; therefore, focusing on reconstructing the face is 
sometimes key to identifying remains.  Because the face is often the most recognizable 
and memorable aspect of an individual, photographs of the missing are circulated 
throughout the public, typically through media outlets and law enforcement entities.  In 
the same vein, when only skeletal remains are found, photographs of forensic facial 
reconstructions are also distributed among the public in the hope that the photographs 
will prompt concerned individuals to come forward and provide identification.  To 
support such a claim, the cooperating individual usually brings in antemortem 
photographs of the suspected decedent for comparison purposes.  Misidentifications do 
occur, however, and this is why other forms of identification such as DNA, fingerprints, 
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and odontological comparisons must confirm forensic facial reconstructions.  Although 
an initial scan of these forms of positive identification can lead to no viable leads in the 
area where the decedent was found, a forensic facial reconstruction could revive a cold 
investigation, prompting investigators to pursue new leads in different locations where 
one or more forms of positive identification could be made.   
 
Psychology of Facial Reconstruction  
However, one must understand that no one, not even the practitioners of this art, 
expects a forensic facial reconstruction to be 100% accurate.  The goal of forensic facial 
reconstruction is to produce enough of a similarity to the person’s antemortem facial 
features so that an accurate identification can be made by other means.  What leads an 
individual to recognize another person is a complex and psychologically related topic that 
will be discussed briefly here.  
Bruce and Young (1986) found that seven types of information can be derived 
from observing a face, the first five of which can aid an individual in recognizing 
another:  (1) pictorial – basic visual facial information (i.e., color of eyes, etc.); (2) 
structural – details of facial features, head shape, etc.; (3) “visually derived semantic” – 
information beyond the visual (i.e., sex and age); (4) “identity-specific semantic” – 
information about familiar acquaintances (i.e., occupation); (5) name; (6) facial 
expressions; and (7) facial speech (i.e., jaw opening, lip closure or rounding, and lip 
raising).  While these types of information are important, researchers have gone further in 
trying to determine how exactly an individual registers facial recognition.   
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Psychologists have established three main theoretical approaches that people 
employ in recognizing familiar faces.  The first is the Holistic or Configural Approach, 
where the assumption is that an observer looks at individual features (eyes, nose, mouth – 
the “inner triangle”) simultaneously and perceives the relationship among them.  The 
individual subconsciously analyzes the spatial relationship between the features in the 
inner triangle and also how those features interact with one another (Rakover 2002).  
There have been several studies conducted on the validity of this approach.  Farah et al. 
(1998) and Yin (1969) described the face-inversion effect where people had a harder time 
recognizing familiar or famous faces when they were presented with photos of those 
faces inverted.  Leder and Bruce (1998) altered the spacing between certain facial 
features, such as the eyes, to make them more distinctive and, therefore, more 
recognizable.  The faces were easier to recognize than unaltered faces when they were 
right side up; however, when they were inverted, individuals had a harder time 
recognizing them.   
In another experiment, Young et al. (1987) combined the top half of Margaret 
Thatcher’s face with the bottom half of Shirley Williams’ and asked participants to name 
to whom each half belonged.  The researchers’ theory was if facial recognition were 
based solely on recognition of individual facial features and not on features taken as a 
whole, it would not be difficult for participants to complete this task.  The participants 
were unable to do so mainly because, the researchers argued, the combination face was 
an entirely new configuration.  They found, however, if the halves were slightly 
misaligned, participants, while still having a difficult time, were able to identify to whom 
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each half belonged.   
Tanaka and Sengco (1997) gave a set of photographs, with named faces, to 
participants and told them to memorize the features.  After removing the photographs, the 
researchers then presented the participants with individual facial features from each face 
and asked them if those features belong to a certain face (“Is this Subject X’s nose?”).  
These individual features were presented in three ways:  in isolation, in the context of the 
original face, and in the context of the original face that had been altered somehow.  
Much as Young et al. (1987) hypothesized, Tanaka and Sengco (1997) argued that if 
people recognize faces by individual facial features alone, then recognition would be no 
problem for the participants.  What the researchers found, however, was that the 
participants were better able to recognize the facial feature in question when it was in the 
original context of the unaltered face.  It was most difficult for them to recognize the 
source of the feature when it was presented in isolation, while the recognition was mildly 
difficult to do so in the context of the altered original face.          
While the above studies support the theory that to recognize a face, an individual 
processes the individual facial features in conjunction with their configuration, the second 
theory argues the opposite.  According to the Feature Detection Theory, individuals focus 
upon facial features individually and, from those individual impressions, build a picture 
of the whole face.  Bradshaw and Wallace (1971) hypothesized that not only are facial 
features processed independently, but in a specific sequence.  They found that when 
participants were shown pairs of faces differing by features (either by two, four, or seven 
features) and asked if the subject was the same person, the more the features differed, the 
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more quickly the participants answered “unfamiliar”.  Furthermore, Shepherd et al. 
(1981), in an attempt to determine what features were most important in recognition, 
briefly showed participants unfamiliar faces and asked them to describe them to him.  In 
this order, they mentioned the following features most often:  eyes, nose, mouth, 
eyebrows, chin, and forehead.  However, Tanaka and Farah’s (1993) study disproves 
Shepherd et al.’s (1981) theory, as they found that isolated features were harder to match 
to familiar faces when they were out of context of the original face.  Additionally, 
Sergent (1984) found that faces with the same features combined in different ways were 
not recognized.       
The final approach to facial recognition is the Information Processing Model.  
This model involves the following four stages:  (1) visual encoding – seeing a face; (2) 
matching process – stored descriptions or face recognition units (FRUs) are compared to 
the face and produce a feeling of familiarity if it exists; (3) semantic information – 
memory is activated which helps the person recall facts about the individual in question; 
and (4) name retrieval (Bruce and Young 1986).  This model is dependent upon serial 
processing, and the stages therein cannot be changed.   
Young et al. (1985) conducted a study where they asked twenty-two participants 
to keep a diary of incidents where they could not recognize familiar faces or information 
regarding the name of the person.  The researchers found several reasons (or facial 
recognition errors) that prevented recognition of the familiar face and further split them 
into five groups.  These are as follows with a mention of which stage is prevented from 
the Information Processing Model:  (1) change in appearance (i.e., hairstyle, hair color, 
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etc.) – blocks matching process; (2) recognition of the face and a feeling of familiarity 
only – blocks semantic information; and (3) recognition of the face, feeling of familiarity, 
and recalled information about the person only – blocks name retrieval.  The researchers 
found that an individual cannot advance to stage four (name retrieval) without first 
passing though stage three (semantic information), and the name retrieval stage was 
impossible without feelings of familiarity or semantic information. 
Since its inception in 1986, the Information Processing Model has undergone 
some changes and is now known as the Interactive Activation and Competition Model 
(Burton and Bruce 1993).  There are currently only four stages (Face, Visual Encoding, 
Matching Process, and Semantic Information/Name Generation).  The researchers now 
acknowledge that the process of facial recognition is bidirectional between the semantic 
stage and the FRUs.  They argue that the feeling of familiarity occurs at the person 
identity nodes or PIN; therefore, the person, rather than the face, is recognized (Burton et 
al. 1990).   
It is important to note that there are several other factors outside of the methods 
mentioned above that affect facial recognition.  These include the following factors:  
brain injuries (caused by cranial trauma, strokes, etc.), brain conditions (i.e., Capgras 
Delusion wherein the individual recognizes someone but believes him to be an imposter 
because the person does not “feel” like the known person to him), the situation or context 
the people had met in prior circumstances, and variations in lighting.  Taking this 
information into account, even the best forensic facial reconstruction might not prompt 
recognition in a person, as so many different factors affect whether recognition will occur 
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or not.  The best that the forensic anthropologist or artist can do is follow a practiced 
method of facial reconstruction while following rules to help them determine the 
structure of certain facial features.   
 
Facial Reconstruction Process  
An essential first step in forensic facial reconstruction is to determine the 
biological profile of the decedent.  The splanchnocranium (or facial skeleton) is 
immensely important in this process, as forensic anthropologists look to this area to guide 
them in best determining ancestry and sex (Buikstra and Ubelaker 1994).  Of the fifteen 
bones that form the splanchnocranium, the following five are the ones that visibly affect 
the structure of the fleshed face:  frontal, nasals, zygomatics, maxillae, and mandible.  
Teeth also play an important part in recognition if there is something distinctive about 
them (i.e., crooked central incisors, missing teeth, or shaved-to-an-extreme-point teeth).  
However, it is recommended that unless such distinctive teeth are present, the mouth be 
reconstructed closed (Taylor 2001; Wilkinson 2004).  This is because having a 
reconstruction exhibit emotion (a wide, open, smiling mouth, for example) could not only 
affect how the viewer observes the reconstruction, but could also affect the tissue depth 
already in place, as the cheeks tend to enlarge when one smiles.  The amalgamation of 
these bones provides the basic framework upon which hard and soft tissues and muscles 
attach, thus defining and giving the human face its character.  In life, a fleshed 
splanchnocranium facilitates the differentiation between different individuals, since no 
two people, not even identical twins, have the exact same face (Wilkinson 2004).  The 
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smallest alteration to the most extensive damage possible to this area can lead to such 
errors as a misinterpretation of ancestry and even of sex, resulting in a flawed facial 
reconstruction.  Such facial damage can be incurred by perimortem events as well as 
postmortem processes.  Perimortem events could consist of gunshot, blunt force, and 
sharp force trauma, usually sustained during the commission of a crime.  Postmortem 
processes, however, are diagnostic signatures sustained by bone that has been exposed to 
the elements over time (Buikstra and Ubelaker 1994).  Examples of this are color 
alteration, surface changes (due to heat, plant roots, insects, scavengers, soil erosion, 
humans, etc.), and skeletal deformation.  Regardless of the type of alteration sustained, 
each missing piece of the splanchnocranium can affect the outcome of a facial 
reconstruction.  This information loss proves to be common, because skeletonized 
remains are infrequently found in pristine condition (Pokines et al. 2013), thus raising the 
questions:  (1) what can forensic anthropologists and forensic artists do when a forensic 
facial reconstruction is necessary, but a skull is not intact; and (2) if an attempt is made at 
reconstructing the fractures or missing elements, what effect does this have on a forensic 
facial reconstruction? 
The answers to such questions have notable repercussions in the law enforcement 
community.  If the law enforcement community is shown that reconstructing damaged 
skulls is possible with accurate reconstructions, perhaps more forensic anthropologists 
and forensic artists will be called upon to perform facial reconstructions for both recent 
and cold cases.  This is, of course, only after the methods of positive identification have 
been exhausted.  Even so, there is the possibility that law enforcement would choose not 
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to expend this effort, as it can be time-consuming.  However, convincing law 
enforcement personnel of the efficacy of this forensic tool could lead to more 
identifications of decedents/victims and possible apprehension of suspects, some 
connected to multiple crimes.   
The purpose of this thesis is to reconstruct deformed facial areas of skulls and 
determine how accurate the reconstructions are when compared to the target individuals.  
Instead of utilizing the more archaic, albeit more familiar, three-dimensional clay 
reconstruction method, the researcher instead employed the computer program FreeForm 
Modeling Plus Software, version 11.0 (Geomagic Solutions – Andover, MA), in 
conjunction with the Phantom Desktop Haptic Device (Geomagic Solutions – Andover, 
MA), to assist in the reparation and creation of three-dimensional computerized 
reconstructions of digitally damaged, CT-scanned skulls.  The researcher’s thesis 
maintains that a damaged skull can be successfully repaired to look as close as possible to 
its original form by using template skulls of the same sex and ancestry as those of the 
damaged ones.  While the assumption is that the resulting repaired skulls will have 
slightly different faces than their original ones, the hope of the researcher is that people 
will still be able to look at the reconstructed face and correctly match it to the original 
face.  
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CHAPTER 2:  PREVIOUS RESEARCH  
History of Facial Reconstruction  
While facial reconstruction today is more commonly employed in forensic cases, 
its history began with the simple human desire to know what people from 
archaeologically known cultures looked like.  In 1952, an excavation headed by Kathleen 
Kenyon exposed nine skulls beneath the floor of a house in Jericho, located in the Jordan 
Valley, Israel.  These skulls were dated to the Pre-pottery Neolithic B period (c. 8700-
6000 B.C.) and were found at the 6000 B.C. level (Eydoux 1971).  With shells simulating 
eyes, the skulls had faces built upon them in plaster, and all but one of them was missing 
its mandible (Kenyon 1957, 1960).  In the ancient Near East, a common practice was to 
perform a group skull burial (often beneath the floor of a house), whereby the upper 
portion of the skull was removed from the grave after primary internment, thus leaving 
the mandible with the rest of the body (Griffin et al. 1998).  The fact that the artists were 
not concerned with including such an important bone as the mandible during the facial 
reconstruction process suggests their primary concern was not accuracy but rather 
symbolic interpretation (Prag and Neave 1997).   
In ‘Ain Ghazal, a Neolithic site near Amman, Jordan, plasticized reconstructions 
similar to those found in Jericho and belonging to the same Pre-pottery Neolithic B 
period were also recovered between 1982 and 1996.  Unlike the previous reconstructions, 
however, these plasticized reconstructions were not located with their associated crania.  
Archaeologists were able to conclude, however, that these reconstructions too were done 
without the mandible, based on impressions on the interior of the plaster and the fact that 
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the faces were broad horizontally and short vertically (Griffin et al. 1998; Rollefson 
1985; Rollefson and Simmons 1986, 1987). 
Slightly more literal interpretations of the human face were first undertaken 
through the advent of death masks in Egypt that date back to 1370 B.C.  Traditionally 
created to honor the deceased, the death mask was a cast made of an individual’s face 
immediately following death.  The negative mold was built of plaster, while the cast of 
the mould was wax, plaster, or metal (McCormick 2001; Wilkinson 2004).  Inhabitants of 
Pharaonic Egypt believed that these masks provided the corpse protection from evil 
spirits.  For this reason, death masks were carried during funeral processions then placed 
on the decedent at the actual funeral service (McCormick 2001).  Afterwards, the death 
mask was given to the decedent’s family for posterity purposes, or the image was used on 
an effigy to lie in state (Kaufman and McNeil 1989; McCormick 2001).  Evolving from 
death masks were portraitures of the Romans, where three-dimensional images of 
wealthy, living individuals or ancient gods were sculpted from marble or bronze.  These 
sculptures first originated in the Roman Republic and continued for five centuries after 
that.  Several of these portraitures still exist today.  Unlike the reconstructions forensic 
anthropologists or forensic artists undertake today, the faces of both death masks and 
Roman portraitures were modeled after the superficial features of the face rather than the 
skeletal elements of the skull (Prag and Neave 1997).   
 More scientific interpretations of the human face were not undertaken until the 
late 19th Century when anatomists took an active interest in both authenticating the 
presumed visages of famous individuals and determining the relationship between the 
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bony structure of the skull and the overlying soft tissues of the face.  In 1883, German 
physiologist and anatomist Hermann Welcker gathered tissue depth measurements by 
inserting a scalpel into cadavers at locations adjacent to specific anatomic landmarks, 
marking the scalpel, and measuring the depth of penetration (Tyrrell et al. 1997).  The 
resulting collection of tissue depth measurements helped Welcker when he attempted to 
reconstruct the skulls of Schiller and Kant (Welcker 1883), and Raphael (Welcker 1884).  
To perform this procedure, Welcker outlined both the skulls and any associated self-
portraits, death masks, and portrait-busts of said individuals, superimposed these outlines, 
and overlaid them to see if the bones of the skull matched the outlines of the known 
images. 
Building upon and refining Welcker’s tissue depth measurements in 1895, 
German anatomist Wilhelm His took tissue depth measurements of cadavers in much the 
same way as Welcker, but instead of a scalpel he used a thin needle with a rubber stopper 
on the tip (Stoney and Koelmeyer 1999; Vanezis and Vanezis 2000).  Once the needle hit 
bone, the rubber stopper was displaced; the thickness was measured from the tip of the 
needle to the displaced rubber stopper.  His then utilized these data when attempting to 
reconstruct the face of a skull presumed to be that of Johann Sebastian Bach.  Compared 
to a portrait and bust of the composer, the reconstruction was found to bear a significant 
resemblance to both (His 1895).   
In 1898, the anatomist, Julius Kollman, and sculptor, Werner Büchly, 
collaborated on a facial reconstruction of a young Neolithic woman from Auvenier, 
Switzerland.  Combining their own tissue depth measurement data (which Kollman 
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collected from women in Auvenier of the time) with the data from Welcker and His, and 
ending with a total of forty-six male and ninety-nine female measurements, a plan for 
reconstruction was created by Kollman and carried out by Büchly (Kollman and Büchly 
1898).   
In 1894, the sculptor Carl Sefner, however, worked to establish a direct 
connection between skull and face by attempting to sculpt the face of George Frideric 
Handel onto the skull of Bach.  In doing so, Sefner disregarded the proportions of the 
skull, thus resulting in a reconstruction with an underestimation of tissue in some areas 
and an overestimation in others (Gerasimov 1971).  This experiment perhaps most 
supports the Roman doctor and anatomist Galen’s 2nd Century A.D. assertion that “[a]s 
poles to tents and walls to houses so are bones to all living creatures, for other features 
take their form from them and change with them” (Galen [AD 130] 1956).   
As interest in facial reconstruction increased and knowledge of the relationship 
between the bony structure of the skull and the overlying soft tissue was gained, so too 
did the development of new techniques to make reconstructions more accurate.  Further, 
facial reconstruction was introduced to forensics as a meaningful way to help 
investigators literally put a face to the deceased.  
 
Soft Tissue Thickness 
The central aspect of both the American and Manchester methods of three-
dimensional facial reconstruction (discussed below) is the application of mean tissue 
thickness markers to certain anatomical locations on the cast of the given skull.  Such 
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mean tissue thicknesses are assembled in charts based on different ancestries, sexes, ages, 
and builds (as well as some geographic differences), as depths tend to vary between these 
categories.  The charts are further broken down into the anatomical landmarks on which 
the markers are to be placed.  These landmarks vary by chart as their inclusion and/or 
exclusion are at the subjective discretion of the creator of the dataset.  This is, therefore, 
one of the main limitations with soft tissue thickness data:  the lack of standardization of 
landmark sites among different charts and studies.  Two other limitations are the small 
number of subjects involved in the studies and the limited number of studies done on 
different age, sex, ancestry, and build types.   
Traditionally, tissue thickness data were gathered on cadavers by inserting a 
needle through a piece of rubber, placing the needle-rubber combination adjacent to 
specific anatomic landmarks, and pushing the needle into the skin until reaching bone.  
The rubber was then displaced and marked the level of the skin.  When the needle was 
withdrawn from the cadaver, a measurement was taken from the tip to the rubber stopper, 
thus giving the depth of the skin at that landmark.   
Welcker refined this method further in 1883 utilizing a scalpel instead of the 
traditional needle-rubber stopper (Welcker 1883, 1884).  His followed almost a decade 
later in 1895 when he gathered his data from twenty-four European males and four 
females (Goyne 1982) using the needle-rubber stopper method.  Kollman and Büchly 
were not far behind His, gathering their own data from 145 individuals in 1898 (Rhine 
and Campbell 1980).  Gatliff and Snow and Neave all used Kollman and Büchly’s data 
early in their reconstructions; but as more information was gleaned regarding soft tissue 
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thickness, the practitioners slowly moved away from this more antiquated dataset.  More 
recent examples, still utilizing the needle-rubber stopper method, came from the research 
of Rhine and Campbell (1980), who gathered data on African Americans; Rhine and 
Moore (1984), who took twenty-one (ten midline and eleven bilateral) measurements on 
male and female American Caucasians of various weight levels; and Suzuki (1948), who 
gathered data on Asians. 
Two problems exist with the traditional method of gathering tissue thickness data.  
First, since the cadaver is lying down when the measurements are taken, the skin pulls 
backwards due to gravitational forces.  Second, in death, an individual’s skin has lost its 
plumpness and becomes sunken and sallow.  Both of these issues lead to inaccurate depth 
measurements, because the skin in death is not representative of how it is in life. 
The problems presented by the traditional method can be rectified through the use 
of low-risk and noninvasive techniques such as magnetic resonance imaging (MRI) 
(Helmer et al. 1986), ultrasound (Helmer 1984; El-Mehallawi and Soliman 2001; 
Lebedinskaya et al. 1993) and lateral craniographs.  Computerized Tomography (CT) 
scanning is also another option, although exposing a subject to this procedure presents a 
radiation hazard, albeit a small one.  Aulsebrook et al. (1995) found that using MRI for 
the purpose of deducing soft tissue depth may result in a loss of internal bone detail.  
However, according to Tyrrell et al. (1997), current advances in CT and MRI make it 
possible to measure more precisely tissue depths on both living and dead specimens.  
Computer software can more accurately gauge the tissue thickness measurements of these 
computerized images, thus avoiding parallax problems and significantly reducing the 
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chance of human error.  Lebedinskaya et al. (1993) conducted a study using an 
ultrasound to gather soft tissue thickness data from 1,695 faces from ten different ethnic 
groups in the former Soviet Union.  Helmer (1984) found a limitation of the ultrasound 
method to be that the data can only be measured perpendicularly to the bone surface, 
preferably by an ultrasound expert (Aulsebrook et al. 1996).  Evaluators also found that 
this procedure is difficult to replicate, as some landmarks could only be approximated on 
the skull.  Lateral craniographs, usually available through orthodontic radiographic data, 
were used to obtain mid-sagittal or lateral tissue thickness depths in children and 
adolescents (Dumont 1986).   
Today, soft tissue thickness means exist for multiple sex, ancestry, age, and build 
combinations:  European-American adults (Lebedinskaya et al. 1993; Manhein et al. 
2000; Rhine et al. 1982), European-American children (Dumont 1986; Garlie et al. 1999; 
Hodson et al. 1985; Manhein et al. 2000), African American adults (Manhein et al. 2000; 
Rhine and Campbell 1980), African American children (Manhein et al. 2000; Williamson 
et al. 2002), Japanese adult males and females (Suzuki 1948 in Rhine and Campbell 
1980), and Hispanic children (Manhein et al. 2000).  Soft tissue thickness datasets and 
charts are continuously being updated, old methods are being refined, and new methods 
for gathering such data are being conducted.  Such updates are necessary, as studies have 
shown, for example, that there are significant differences in soft tissue thickness between 
children of different ancestries (Manhein et al. 2000; Richardson 1991) and between 
European-American adults in different parts of the United States (Richardson 1980). 
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Forensic Facial Reconstruction Methods 
According to Wilkinson (2004:39) “facial reconstruction is the scientific art of 
building the face onto the skull for the purposes of individual identification.”  In modern 
forensic work, investigators can utilize two different methods of forensic facial 
reconstruction depending upon the type of case worked:  two-dimensional reconstruction 
and three-dimensional (clay or computerized) reconstruction. 
 
Two-Dimensional Reconstruction  
Drawn two-dimensional facial reconstructions were first conducted through 
following the morphological outlines dictated by the given skull.  The methodology 
changed over the years, advancing first to the utilization of frontal and lateral overlay of 
radiographic tracings (Homa 1983; Krogman and Đşcan 1986) to the combination of 
frontal and lateral photographs and tracings of the skull in its correct anatomical position 
(Cherry and Angel 1977).  No matter what method was used, the forensic artists had to 
make sure that they adhered to limits dictated by anatomical and anthropological criteria 
regarding eyes, lips, sex, age, etc.  Not until Caldwell (1981) developed her own 
technique was the utilization of facial tissue thickness data introduced to two-dimensional 
facial reconstruction.  Caldwell placed such data on life-sized outline drawings of frontal 
and lateral views of the given skull.  However, as the facial tissue thickness data were 
originally meant for three-dimensional and not two-dimensional reconstruction, not all 
the data could be used.  Taylor (2001) would later, in 1985, build upon Caldwell’s work 
by gluing actual facial tissue thickness markers onto the skull before the skull was 
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photographed in its correct anatomical position and subsequently drawn.  According to 
Taylor, this was done “because the camera performed the function of foreshortening the 
depths just as the planes of the face are foreshortened in a life photograph” (2001:369).  
Taylor (2001) used Gatliff’s (Gatliff 1984; Gatliff and Snow 1979; Snow et al. 1970) 
method of three-dimensional reconstruction, Krogman’s (1962) “Rules of Thumb” for 
estimating soft tissue features (eyes, lips, nose, etc.), and Rhine et al.’s (1982) tissue 
thickness research in conjunction when doing her reconstructions.  This method is still in 
use today and has been modified slightly by Ubelaker (1989), who requires the facial 
tissue thickness markers to be conducive in length to the actual depth at the representative 
locations, much the same as in three-dimensional reconstruction.  
Regarding whether two- or three-dimensional reconstruction is better is dependent 
upon the situation.  Drawn two-dimensional reconstructions are preferable to clay or 
computerized three-dimensional reconstructions when the identity of the decedent is 
already potentially known and just needs to be verified through another method of 
identification.  If the decedent’s identity is not known, a three-dimensional reconstruction 
is preferable, because it gives a lifelike representation of what the person could have 
looked like as opposed to a flat, two-dimensional representation.  A three-dimensional 
representation can be rotated and, thanks to advancements in technology, features such as 
hair, eye, and skin color can be adjusted quickly, which may prompt recognition.   
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Three-Dimensional Reconstruction:  Russian Method 
Paleontologist Mikhail Gerasimov, the so-called father of this art (Wilkinson 
2004), created the Russian method of three-dimensional facial reconstruction.  Gerasimov 
(1971, 1975) began developing his own technique for three-dimensional facial 
reconstruction in the 1920s after he became aware of the unsuccessful reconstruction of a 
Neanderthal male found in France in 1913 where different facial reconstructions resulted 
from the same skull after different individuals undertook the same challenge.  Having 
studied forensic medicine, Gerasimov became convinced that the musculature of the head 
and neck was of great importance when one was attempting such a reconstruction.  
Gerasimov held two beliefs regarding forensic facial reconstruction, which became the 
central aspects around which his method would be structured.  First, he did not believe an 
accurate reconstruction could be produced if forensic artists did not pay adequate 
attention to facial anatomy.  Second, he believed that the forensic artist conducting the 
reconstruction must have vast experience and specialized training to create an accurate 
representation of the decedent (Gerasimov 1971).  These two beliefs are still maintained 
in the field of facial reconstruction.   
His Russian method was split into two separate stages.  The first stage required 
the forensic artist to model each muscle of the head and neck (beginning with the 
masticatory and neck muscles) onto the skull.  The second stage required the forensic 
artist to reconstruct the actual face of the decedent by laying “skin” over the muscles and 
finishing the face from there (Gerasimov 1971; Wilkinson 2004).  A striking difference 
between Gerasimov’s method and ones that would follow it was that he conducted his 
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facial reconstructions without facial tissue thickness considerations.   
Gerasimov conducted a controlled study in 1940 whereby he took twelve heads 
and facially reconstructed them without any knowledge of the decedents’ true identities.  
Once finished with the reconstructions, he compared them with photographs of the 
deceased and found that there was, indeed, similarity between the two.  Russian 
anthropologists, however, were critical of Gerasimov and his techniques.  To silence 
them, he conducted a blind test where he reconstructed a skull that his critics picked out.  
When it was compared to the individual’s antemortem photograph, similarity was found 
between the two.  Overall, Gerasimov reconstructed over 200 heads of prehistoric and 
historic individuals, claiming success in 140 forensic cases on which he worked with an 
overall success rate of 100% identifications (Gerasimov 1971, 1975).  However, he did 
not thoroughly document his results, and such an oversight has led some (Tyrell et al. 
1997) to question his veracity, as well as the reliability of the Russian method.  Today, 
Gerasimov’s method is rarely used in isolation. 
 
Three-Dimensional Reconstruction:  American Method  
In 1946, American anthropologist Wilton Krogman began conducting accuracy 
studies in the art of facial reconstruction with the help of sculptors McCue and Frost.  His 
method was to take photographs of fleshed heads, deflesh them, give them to sculptors to 
reconstruct, and compare the reconstructions to the photographs.  While errors of 
overestimation and underestimation were found at bigonial points and bipalpebral 
breadth, because the sculptors did not have adequate anatomical knowledge, a good 
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resemblance was found between the reconstruction and the photograph that Krogman 
took.  Krogman went on to work with both forensic artists and law enforcement and later 
published (1946) his method of facial reconstruction and how it could be used positively 
in forensics.  Krogman’s technique, now known as the American method of forensic 
facial reconstruction, was to utilize tissue thickness data charts (which came from Todd 
and Lindala 1928) and markers to create a latticework of connecting clay strips 
conducive to the landmarks’ facial tissue thickness (Krogman and Đşcan 1986; Wilkinson 
2004).   
The American method was a catalyst for the team of forensic artist Betty Pat 
Gatliff and physical anthropologist Clyde Snow (1979), who saw the importance of 
reconstruction regarding the field of forensics.  During their first reconstruction together, 
Gatliff only reconstructed half of the face of a Native American man and used mirror 
image photography to produce the other side, resulting in a perfectly symmetrical face.  
As it is rare to find such symmetrical faces in real life, and because asymmetry can be 
important in identification of a reconstruction, such a reconstruction was only done once 
by Gatliff (Gatliff 1984; Gatliff and Snow 1979).  Gatliff and Snow henceforth began 
reconstructing the whole face of decedents by utilizing average tissue thickness data 
charts as Krogman had done.   
The American method of forensic facial reconstruction contrasts with the Russian 
method in one significant way:  while the Russian method focuses on the musculature of 
the skull, the American method chooses to ignore such anatomy and focuses solely on 
tissue thickness differences for different parts of the face (Gatliff 1984; Gatliff and Snow 
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1979; Taylor 2001). Similar to Gerasimov’s method, the American method is rarely used 
in isolation today.   
 
Three-Dimensional Reconstruction:  Manchester Method 
Richard Neave developed the final method of three-dimensional facial 
reconstruction, known as the Manchester method.  This method is a combination of both 
the Russian and American methods in which both musculature and tissue thickness data 
are taken into consideration during the reconstruction process (Neave 1980, 1989; Prag 
and Neave 1997; Taylor and Angel 1998; Wilkinson 2004).  Utilizing the same set of 
tissue thickness data that the American method used, Neave also followed Gerasimov’s 
anatomical approach when laying down “skin” over the muscles where he used the 
thickness pegs as guides when applying the skin (Gerasimov 1971; Neave 1980, 1989; 
Wilkinson 2004).  While some practitioners may argue that the underlying muscles are 
not important in the reconstruction process, as they will be covered up by skin anyway, 
Prag and Neave (1997:30) maintain its importance, arguing, “this methodical approach is 
the most logical and foolproof way of ensuring that the face grows from the surface of the 
skull outwards of its own accord and according to the rules of anatomy, and reduces to a 
minimum the possibilities of subjectivity by the artist.”   
After reconstructing the faces of two Twelfth-Dynasty Egyptians in 1973, Neave 
decided to conduct accuracy tests on his Manchester method of facial reconstruction.  
The first test conducted had three objectives:  (1) to show that differently shaped faces 
would result for each skull; (2) to see if the reconstructions could be matched to the 
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correct individual; and (3) to see how similar the reconstructions were to the original 
face.  Much like Gerasimov (1971, 1975) and Krogman (1946) before him, Neave took 
photographs of four unembalmed cadaver heads from the University of Manchester’s 
Department of Anatomy and, after medical students dissected the heads, the skulls were 
given to Neave to facially reconstruct.  All of the skulls were missing their teeth, and 
some of the bones had been destroyed during dissection.  Neave was also given no 
biological profile for any of the skulls.  Claiming that his professional colleagues 
commented on the similarity between the reconstructions and the associated individuals, 
Neave was able to link correctly the reconstructions to the photographs of the correct 
cadavers (Prag and Neave 1997).   
Over the course of his career, Neave was involved in approximately twenty 
forensic reconstructions with a 75% success rate where his reconstructions led to 
successful identifications (Prag and Neave 1997).  The Manchester method has been 
adopted by, and continues to be the preferred method among, practitioners in America, 
Europe, and Australia (Hill et al. 1993, 1996; Taylor and Angel 1998). 
 
Three-Dimensional Clay Reconstruction 
To conduct a three-dimensional facial reconstruction utilizing the Manchester 
method, the decedent’s biological profile (i.e., sex, age, and ancestry) must first be 
determined.  It is difficult to determine someone’s body mass based on their skull, and a 
forensic anthropologist or forensic artist usually chooses thickness markers for a person 
of average weight unless there is evidence to suggest otherwise (i.e., large or small 
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clothing found at the crime scene).  If the basic biological profile cannot be extrapolated 
from the skull itself, materials found with the skeleton are examined for clues.  If a 
determination is still not possible, the reconstruction is likely not to proceed, as knowing 
the biological profile is of central importance in conducting a facial reconstruction.   
If the biological profile of the decedent is determined, the cast of the skull is 
mounted on a stand in the Frankfurt Horizontal Plane.  A facial tissue thickness data chart 
is then chosen based on the individual’s biological profile.  Examples of such charts are 
Helmer’s (1984) adult, mixed sex, Caucasian European chart; Lebedinskaya et al.’s 
(1993) charts for different ancestry groups of mixed sex; and Manhein et al.’s (2000) 
adult, mixed sex, Caucasian and African American charts.  Areas, or plug points, are also 
listed in facial tissue thickness data charts.  These points represent the place on the skull 
where depth markers need to be glued or inserted into previously drilled holes on the cast.  
These areas change depending upon the chart utilized; but some areas consistent in each 
are glabella, nasion, alare, supraorbital rim, infraorbital rim, and gonion.  The lengths of 
the individual markers are conducive to the mean tissue depth at that anatomical point.   
The musculature of the face is then built upon the cast with clay.  Once this is 
done, strips of clay are placed over the skull to simulate subcutaneous fat and skin.  The 
head is next given a neck so it is not just a floating entity.  Lastly, the superficial features 
are added and may be the most important part of three-dimensional facial reconstruction, 
as these are the elements that bring the face to life.  Because there is no direct information 
on the skull related to the shape of the eyes, lips, nose, and ears, this step can be difficult.  
However, there are some general guidelines forensic anthropologists and artists follow 
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when reconstructing these elements.   
 
Eye Reconstruction  
The human eyeball has been found to be approximately 25 mm or roughly the size 
of a U.S. quarter, while the cornea averages 12 mm (Adler 1962; Bron et al. 1997).  
Krogman (1962), in his “Rules of Thumb,” stipulated that if the orbit were to be bisected 
vertically (between the superior and inferior margins) and horizontally (between 
maxillofrontale and ectoconchion), the eyeball should be centered, in the frontal view, 
where the lines intersect.  According to Krogman, eyeball protrusion is approximately 
tangent to a vertical line drawn from the superior and inferior margins of the orbit.  
Wilkinson and Mautner (2003) came up with a more qualitative method for protrusion 
determination:  Eyeball protrusion = 18.3 – (0.4 x orbit depth).  They also found that the 
tangent line should touch the iris and not the cornea, as Krogman had proposed.  
Fedosyutkin and Nainys (1993) found that the length of the eye fissure was 60-80% the 
width of the orbit.  Further, Fedosyutkin and Nainys (1993) found that the epicanthic fold 
of the eyelid followed the structure of the supraorbital rim.  For example, if the lateral 
portion of supraorbital rim slanted downwards, the fold would do the same and cover the 
lateral-most portion of the eyelid.  If the supraorbital rim was high and rounded, more of 
the eyelid would be visible, as the fold would not be covering it.  Angel (1978) found the 
eyebrow pattern generally followed the structure of the supraorbital margin or brow ridge 
and sat approximately 3-5 mm superior to it.    
 
 26
Nasal Reconstruction  
Krogman (1962) found that the soft-tissue nasal width could be established if the 
nasal aperture is measured at its widest point and 10 mm is added for Caucasians, 16 mm 
is added for African Americans, and the widths for the latter two groups are averaged, as 
a best guess, for Asians.  Taylor (2001) stated that the soft-tissue nasal width could also 
be determined as the roots of the canines are below the widest nasal points.  Gatliff and 
Snow (1979) found that nasal projection was three times the length of the nasal spine, 
while Rynn (2006) created a nasal prediction method to determine this.  To utilize this 
method, the researcher takes nasion-acanthion (x), rhinion-subspinale (y), and nasion-
subspinale (z) measurements and inserts those values into profile regression equations 
(Table 2.1): 
 
Table 2.1.  Profile regression equations for nasal predication (Rynn 2006). 
Predicted 
dimension 
Simplified 
equation 
Relevant 
ancestry/sex Predicted dimension 
Pron ant 0.83(y) – 3.5 All Pron ant 
Pron vert 0.9(x) – 2 All Pron vert 
Pron FHP  0.93(y) – 6  All Pron FHP  
Nasal length 0.74(z) + 3.5 Caucasoid Nasal length 
Nasal height 0.63(z) + 17 Female, Caucasoid Nasal height 
Nasal height 0.78(z) + 9.5 Male, Caucasoid Nasal height 
Nasal depth 0.5(y) + 1.5 Female, All Nasal depth 
Nasal depth  0.4(y) + 5 Male, All Nasal depth  
Maximum 
Nasal Width 
(MNW) 
Maximum 
Aperture Width 
(MAW)/(5/3) 
All Maximum Nasal Width (MNW) 
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The resulting measurements predict the soft tissue dimensions of the given skull’s 
nose.  To determine other aspects of the nose, Rynn (2006) also stated that the anterior 
nasal spine dictates if the nose is upturned, downturned, unified, or bifid; the shape of the 
nose in profile follows the shape of the aperture (rounded, average, angled, sharply 
angled, etc.); the alar groove is 5 mm forward and 5 mm down from the aperture border, 
while the top of the groove is level with the crista conchalis; and, in contrast to what 
Krogman (1962) found, the maximum aperture width is approximately 3/5 the maximum 
nasal width.  
 
 
 
 
 
 
 
 
 
 
 Figure 2.1:  Rynn (2006:274).  Nasal dimensions as predicted by Rynn’s profile 
regression equations (Table 2.1).   
Figure 2.2:  Rynn (2006:207).  Illustration of how the angle and shape of the nasal 
aperture determines the shape of the nasal tip and direction of the nose.  
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Lips Reconstruction  
The front six teeth determine the width of the mouth.  A landmark is placed 
between the canines and first premolars as a designation of where the chelion lies.  
(Krogman 1962).  Angel (1978) and Stewart (1983) both substantiated Krogman’s claim, 
with Angel further asserting that the line of the lower edge of the lower lip rested slightly 
above the middle incisor crowns.  Horizontal lip thickness was found to be determined by 
the projection of the teeth (Angel 1978; Gerasimov 1971), while Taylor (2001) found the 
vertical lip thickness could be derived by measuring the combined height of the enamel 
of the upper and lower teeth.  Wilkinson et al. (2003) found a positive correlation 
between upper lip thickness and maxillary teeth height.  The parting line between the 
upper and lower lips is usually located slightly above the edges of the upper central 
incisors (Taylor 2001).  Fedosyutkin and Nainys (1993) found that the philtral width (or 
the width of the dip in skin above the top lip) corresponded to the distance between the 
midpoints of the upper central incisors.   
 Gatliff (1984) asserted that the skull offers few clues to the shape of the ear.  
However, Fedosuytkin and Nainys (1993) found that a strongly developed and protruding 
supramastoid crest results in an ear that shows upper protrusion, while a rough outer 
surface of a mastoid process results in lower protrusion of the ear.  Further, if the mastoid 
processes are directed downward, the lobes will be attached, while forward-pointing 
mastoid processes suggest free hanging lobes.  Skiles and Randall (1983) found that the 
average ear rests backward about 15°.  A correlation between the height of the ear and the 
length of the nose has also been found (Charney and Coffin 1981; Fedosuytkin and 
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Nainys 1993; Gatliff and Snow 1979). 
 In all cases, when reconstructing the eyes, nose, mouth, and ears, the age of the 
individual must be taken into consideration, given the fact that with age come changes to 
the human face.  The skin around the eyes sags, the lips become thin, and the ears droop.  
These changes can be seen when one compares photographs of an older person with those 
of their younger selves.  Other features, such as wrinkles, eye color, and skin color, 
should be applied with caution, as the artist can never truly know these elements. 
Regarding features of hair (color, texture and length), unless evidence of such was found 
at the crime scene, hair features should not be a component of the reconstruction. 
 
Three-Dimensional Computerized Reconstruction 
While the above description of the Manchester method was explained in terms of 
clay reconstruction, the technique is almost identical in process if performed on a 
computer.  In any type of three-dimensional computerized facial reconstruction, the first 
step is to import a scan of the unidentified skull into the computer program; the 
reconstruction commences from there, with the artist typically utilizing the Manchester 
method.   
Three-dimensional computerized reconstruction is a relatively new method of 
facial reconstruction, having existed only since 1989.  Vanezis et al. (1989) were the first 
researchers to propose and perform three-dimensional computerized facial reconstruction 
for the purpose of forensic identification.  Stipulating that a large amount of surface 
coordinates needed to be taken before any computerized facial reconstruction could be 
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done, the researchers obtained their measurements one of two ways.  The first method, 
developed at the London Hospital, used an electro-mechanical spatial digitizer consisting 
of a movable arm with a mounted precision potentiometer.  Any data obtained were 
stored and, using trigonometry, the precise location in space relative to the fixed base 
could be determined.  The second method, developed at the University College, London, 
utilized a fully automated system consisting of a laser line, video camera, and rotating 
platform all interfaced to a computer.  To derive the necessary coordinates from the video 
signals, researchers utilized triangulation.  In comparison to the first method, this one was 
less prone to human error and inaccuracy; however, either method could be used. 
The researchers next displayed the dataset on the skull as a three-dimensional 
shaded surface.  Tissue thickness markers were then grown from the skull surface to the 
depth appropriate to the chosen landmarks.  After the surface between the markers was 
digitally smoothed, the resulting featureless mask over the skull gave a rough estimate of 
what the face shape looked like in life.  To add facial features, a facial surface could be 
digitally transplanted, from a library of previously digitized faces of living subjects, onto 
the mask.  To do this, the facial dataset was scaled to match the dimensions of the skull 
through mapping the facial features onto the anatomically correct positions of the skull.  
The resulting reconstruction was stored in a database where it could be viewed from 
different angles.   
Vanezis et al. (2000) conducted a more recent experiment whereby the principles 
of their research from the 1980s were the same, but the adjustment of the facial template 
to the skull was made easier and more precise.  The method here was to use a laser 
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scanning system called the Facia Optical Surface Scanner.  While being rotated 360°, the 
skull was scanned with a vertical line (~0.7 mm wide) originating from where the laser 
from the system hit a cylindrical prism filter.  Each scan produced ~198 profiles, which 
were then read by the computer, and profile lines (produced when the illuminated profile 
reflected off mirrors on the left and right of the skull) were captured by a video camera.  
Once the skull was displayed on the computer, mean tissue thickness data markers were 
placed at the appropriate landmarks, and an average face that fit the biological profile 
was imported from the library of previously digitized faces of living subjects and 
modeled better to fit the given skull. 
Evenhouse et al. (1992) designed a system where an average face was created on 
a template and then fitted to a skull using cephalometric and craniometric landmarks.  
These landmarks, or control points, were connected to create a polygonal mesh that 
defined the metric relationship of the facial features.  This mesh was used to warp the 
average face to fit the skull better at the correct anatomical position.   
As had Vanezis et al. (2000), Shahrom et al. (1996) utilized a Facia Optical 
Surface Scanner.  The skull was rotated 360° while a red laser ran vertically over the 
skull; a video camera created an output, digitized it, and passed it through a digital 
comparator where results were analyzed by an interfaced computer that produced a three-
dimensional image of the skull.  Tissue depth markers were put on the computerized 
skull, after which an average face was selected from a database and transplanted onto the 
skull.  The markers on both the skull and the average face were, subsequently, aligned, 
and the program reconstructed the images automatically.   
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Unlike the other methods mentioned above, Quatrehomme et al. (1997:649) 
proposed a method based on the principle of deformable models and not landmarks or 
facial tissue thickness data.  The researchers operated under the hypothesis that “if skulls 
have similar forms [biological profile and nutritional status], the corresponding faces 
should have main characteristics in common.”  The researchers CT scanned two pairs of 
skulls; one set was used as a reference, and the second set was used to validate their 
method.  Original global parametric transformations were then calculated to match an 
unknown skull to a reference skull with the same biological profile.  The computed 
global parametric transformations were based on crest salient lines of the skull, 
representing the principal curvature of the skull.  The same computation was done to the 
reference skull to provide the face.   
In attempting three-dimensional facial reconstruction, Nelson and Michael (1998), 
like Quatrehomme et al. (1997), chose to avoid facial tissue thickness data, mainly 
because of the problems regarding its accuracy due to the limited samples of depth 
values.  Instead, they developed a method based on volume deformation, where 
unidentified skulls and reference heads were digitized using CT scans.  Predicated on a 
volume-based correspondence algorithm, skulls and reference heads with the same 
approximate biological profile were assigned control points that were placed at certain 
anatomical positions.  The reference head with the closest spatial distribution of control 
points to the unknown skull would be its deformable model.  Through manipulation of 
the control points, the reference head was then deformed to fit the skull.   
Kahler et al. (2003) believed that there was a surface interpolation problem in 
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three-dimensional facial reconstruction and proposed a new method in which the manual 
method of dowel placement was employed.  They, thus, obtained position and distance 
constraints that helped define the relationship between the superficial skin and the skull at 
specific points.  After being imported into the computer program, the skull was tagged 
with approximately forty markers at different areas of the skull.  The reference head – 
now with skin represented as a triangular mesh, landmarks on defined areas, and virtual 
muscles – was warped onto the unknown skull.  The warp function was calculated based 
on the forty marker pairs and any additional markers that were computed automatically 
by the interpolation between the existing markers.  A second deformation was performed 
after certain markers were repositioned based on the skull landmark editor (five rules for 
estimating mouth and nose shapes).  This was done to deform the pre-fitted head model 
to the newly adjusted regions.   
While Wilkinson (2004) argues that clay reconstructions produce more realistic 
and, therefore, more recognizable reconstructions, there are definite benefits to 
computerized reconstructions.  First, computerized facial reconstructions can be 
completed more efficiently and more quickly than their clay counterparts.  The 
reconstructions then can be distributed to the community faster, and potential 
identifications can be made at an accelerated pace.  Second, weight, eye color, hair color, 
skin color, and other superficial features can all be manipulated with ease on computers, 
while attempting to do the same with clay facial reconstructions would require 
considerably more time and might even necessitate starting over by the forensic artist, 
perhaps repeatedly (Stephan and Henneberg 2001; Tyrrell et al. 1997; Vanezis et al. 
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1989; Vanezis et al. 2000).  Third, computerized facial reconstruction is a non-invasive 
procedure that does not require the forensic artist to create a cast of the skull, a 
sometimes-destructive process.  Lastly, the use of computerized reconstruction may 
reduce the subjectivity that plagues this art.  However, despite the artistic ability and the 
extensive knowledge forensic artists have, the accuracy of their reconstructions will 
always be questioned.  This leads to the ever-complicated matter of accuracy rates in 
facial reconstruction. 
 
Assessment Methods 
In recent years, forensic investigators have conducted an influx of tests on the 
reliability and accuracy of forensic facial reconstruction.  Researchers have utilized three 
different assessment methods to gauge facial reconstructions’ utility:  face pool 
comparisons, resemblance ratings, and success rates. 
 
Face Pool Comparisons 
Face pool comparisons are an assessment method in which assessors are shown a 
facial reconstruction and attempt to identify the target individual from a pool including 
non-target individuals of the same sex, age, and ancestry.  Sometimes, the target 
individual is omitted from the pool completely.  Once the assessors have attempted to 
identify the target individual, the confidence levels (whereby the identification rates for 
each face are chanced at above, below, or equal to rates) are calculated using statistical 
methods.  The higher the confidence levels at above chance rate, the more accurate 
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assessors consider the facial reconstruction.   
Utilizing face pool comparisons, some researchers have found forensic facial 
reconstruction accuracy rates to be generally low.  In their experiment, Snow et al. (1970) 
employed Gatliff to reconstruct skulls belonging to two different forensic cases:  a sixty-
seven-year-old female and a thirty-six-year-old male.  The skull of the female victim was 
identified at 12% above chance rate, while the male victim was identified at 54% above 
chance rate.  The authors concluded that a lack of average female soft tissue data, the 
difference in age of the target individuals, and the quality of the photograph used all 
contributed to the low above chance rate.  Overall, Snow et al. (1970) found that facial 
reconstruction was not useful in producing a positive identification, but it was useful in 
eliminating potential individuals.   
Van Rensburg (1993) conducted an accuracy test comparing fifteen three-
dimensional clay reconstructions to their associated death masks.  The reconstructions 
were presented in three ways:  one mask with one reconstruction, one mask with all the 
reconstructions, and all masks with one reconstruction.  Results indicated that presenting 
one mask with one reconstruction at a time gave a higher percentage of correct matching 
(40%) than the other two methods.   
Stephan and Henneberg (2001) performed an accuracy test where they took four 
skulls and reconstructed them in four different ways:  two-dimensional American 
drawing method, two-dimensional FACE computerized method, three-dimensional 
American sculpting method, and three-dimensional combination sculpting method.  For 
each method, the thirty-seven assessors, with backgrounds in the medical sciences, had to 
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attempt to identify the target individual in a face pool consisting of ten individuals.  Of 
the attempted identifications, 80% were made when the target individual was present in 
the face pool, and 20% were made when the target individual was not present in the face 
pool (meaning that the assessors correctly indicated that the face did not match anyone in 
the face pool for the latter attempt).  Overall, 9% of the identifications were correct and 
91% were incorrect.  The authors also found one out of sixteen reconstructions were 
chanced at a statistically significant rate of 25% above chance. 
 
Resemblance Ratings 
In contrast to face pool comparisons, the method of resemblance ratings tends to 
have a higher accuracy rate (Krogman 1946; Prag and Neave 1997; Suzuki 1973).  Here, 
the facial reconstruction is compared directly to a photograph of the individual, and the 
assessor is asked to evaluate the similarity between the two.  This method is the one 
Gerasimov (1971, 1975), Krogman (1946), and Neave (Prag and Neave 1997) all utilized 
when conducting their accuracy tests.   
Helmer et al. (1993) conducted a resemblance rating test slightly different from 
Gerasimov (1971, 1975), Krogman (1946), and Neave (Prag and Neave 1997) whereby 
they had three assessors rate the facial reconstructions to their target individuals on a 
scale of 1-5 where “1” was indicative of a strong resemblance and “5” was indicative of 
no resemblance.  During this double-blind study, the authors employed two practitioners 
to reconstruct twelve skulls from forensic cases using the three-dimensional clay method 
of facial reconstruction.  The authors found a rating between “2” and “4” was achieved 
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most often.  Overall, Helmer et al. (1993) concluded that if a forensic artist or 
anthropologist were to follow a proper methodology for forensic facial reconstruction 
(i.e., following a tested method such as the Manchester method and not just haphazardly 
putting clay on a skull cast), the resulting face would be very similar to the antemortem 
face of the target individual.   
Stephan (2002) argued, however, that resemblance ratings are not a valid method 
in determining the accuracy of facial reconstructions for two reasons.  First, similar faces 
are not the only recognizable faces:  faces that do not appear morphologically similar 
could still be recognizable, if assessors are able to perceive similar characters between the 
two faces (Benson and Perrett 1991; Rhodes et al. 1987).  Second, resemblance ratings 
do not take into consideration non-target individuals who may bear similar or high 
resemblance to the reconstruction, thus making them more recognizable than the real 
target face.  Third, this type of testing is not representative of how identification in real 
life would be made.  Meaning, investigators normally release an image of the 
reconstruction to the public and wait to see if an individual comes forward to make the 
claim that that is a person they know.  Only then is another photograph produced and 
compared to the reconstruction to supplement the claim.  
 
Success Rates 
Success rates are calculated by how many successful identifications were made 
out of the total number of cases conducted.  This is not considered a reliable method in 
determining reliability and accuracy, because, according to Stephan and Henneberg  
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(2001), the actual success rate was not reflected in published reports.  Further, in an 
attempt to make this art appear more reliable than it might be, practitioners tend to report 
only their successful cases.   
 When considering the topic of accuracy in forensic facial reconstruction, one must 
be cognizant of the fact that assessment tests (both quantitative and qualitative) and the 
differences in how people recognize one another are highly subjective.  It is still not 
entirely clear how exactly individuals recognize and remember what people look like.  
Artist Dana Forsberg (2008) found that how friends, colleagues, and family members feel 
about an individual might affect how they describe that person (i.e., an ex-boyfriend’s 
physical description of a woman’s face may not be all that flattering).  According to 
Collishaw and Hole (2000) and Tanaka and Farah (1993), individual features of the face 
are more recognizable than the face as a whole.  Fraser and Parker (1986) and Haig 
(1986) found that deviating facial outlines impede recognition at a greater rate than other 
facial distortions.  Furthermore, whether a reconstruction is circulated to the public, via 
what media outlets and for how long, plays a large part in whether the face will be 
recognized or not.  Ultimately, this fact, whether the reconstruction is recognized or not, 
is the only success rate that matters.   
 
Significant Prior Research 
Significant prior research discussing the feasibility of facially reconstructing 
damaged skulls has been sparse.  Of the little research addressing this topic, there is a 
common theme:  devising a method for accurately repairing and facially reconstructing 
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damaged skulls is important and necessary if victim identification is to be made. 
 An early attempt was by Colledge (1996), who utilized six plaster replicas of 
skulls from cadavers, removed a specific combination of bones from each skull 
(zygomatic, sphenoid, occipital, parietal, temporal, lacrimal, nasal, maxillary, frontal, and 
mandible), and attempted a facial reconstruction for each subject.  Instead of utilizing a 
computer program to assist in the reconstruction project, as in the present study, the 
researcher instead performed manual three-dimensional facial reconstruction with clay.   
Findings indicated that those areas enclosed on all sides by other parts of the skull 
were least problematic to reconstruct, while those that projected into space presented 
more of a challenge.  Colledge (1996:196) hypothesized that this was because 
“surrounding bone helps to guide the reconstructor in shaping absent pieces, so that the 
more the missing area is limited by boundaries within the rest of the skull, the more 
‘clues’ are available”.   
After the reconstructions were completed, Colledge asked assessors to fill out a 
questionnaire after comparing the reconstructions with the plaster replicas of the original 
faces.  While the mandible was found to be the most difficult element to reconstruct, 
reconstructing most of the other elements accurately was possible.  Inaccurate 
reconstructions of the missing skeletal elements, overall, were not perceived as such by 
the assessors.  This was most likely due to the clay “hiding” overly prominent areas and 
other errors committed by the researcher.  Other problem areas noted were the ears, nose, 
cheeks, and chin.  
 In 1997, Wilkinson and Neave (2001) were approached by the Staffordshire 
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Police (UK) to conduct a facial reconstruction on the skull of an individual who died in a 
garage fire.  The skull was damaged to the point where the calvaria was missing; 
however, after the two researchers reassembled the skull, they found that the 
splanchnocranium was still in good enough shape where they could mirror image the 
bilateral areas.  The resulting facial reconstruction helped identify the victim, a small 
female between the ages of fifty and sixty-years-old.  When photographs of the 
reconstruction and the identified victim were shown to assessors, approximately 90% 
identified the reconstruction as having a close or great resemblance.   
The researchers noted that not reassembling missing parts of a damaged skull 
could compromise the entire reconstruction process, as the structure of the skull 
determines the form of the features of the face.  When repairing a damaged skull before 
conducting a three-dimensional clay reconstruction, the forensic artists utilize dental wax.  
The wax cements together the fragments of the skulls that have come loose, and wooden 
dowels are sometimes used to prop up the fragments.  If no fragments are present, but 
there is a damaged area, the wax is used to fill in that area either by the artist making an 
estimate based on the surrounding skeletal structure or by mirroring unilateral areas as 
was done by Wilkinson and Neave (2001).   
Repairing damaged skulls is made significantly easier thanks to the introduction 
of computers to the art of facial reconstruction.  Ismail (2008) conducted an experiment 
similar to Colledge’s (1996), but she updated it by using the computer software system 
FreeForm Modeling Plus.  This program, which is also being utilized in the present study, 
is a system that enables the user to “touch” the surface of whatever model is being built, 
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in this case, the bones of the skull.  Much like the present experiment, Ismail’s research 
focused on determining the success of remodeling damaged skulls and facially 
reconstructing them.  Five skulls (two male, three female; Caucasian; aged between 
fifteen and sixty-years-old) from actual forensic cases were chosen from the Helmer 
Collection located at the University of Dundee’s Centre of Anatomy and Human 
Identification, United Kingdom.  While the identities of each individual had previously 
been determined during the course of the forensic investigation, this information was not 
disclosed to Ismail (2008) until the conclusion of the study.  The skulls were previously 
laser scanned with FastSCAN Scorpion (Polhemus) using a resolution between 0.5 mm to 
200 mm and then given simulated damage:  both zygomatics were removed from Skull I, 
the frontal bone was removed from Skull II, the maxilla was removed from Skull III, both 
nasal bones were removed from Skull IV, and the mandible was removed from Skull V.  
As the bones removed from the skull were bilateral, a mirror image of one side could not 
be done to reconstruct the piece (as was done by Wilkinson and Neave 2001).   
For Skulls I-IV, Ismail (2008) utilized template skulls of the same biological 
profile and imported the bones she was missing into these skulls.  Some manipulation of 
the bones was necessary to make the imported features fit.  For example, for Skull III a 
template maxilla was imported and was adjusted using Neo-Classical Facial Canons 
(Cvicelova et al. 2007) which divides the face vertically and horizontally into fifths.  This 
technique was originally used to determine the attractiveness of a face during the 
Renaissance period as those of that era assumed such beauty followed certain defined 
standards.  Here, Ismail (2008) used those past standards to help determine the right 
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proportion of feature placement.  Skull V was perhaps the most difficult of the 
reconstructions as the researcher had to utilize both the Sassouni and Krogman method 
for mandible approximation (Krogman and Đşcan 1986) and the Neo-Classical Facial 
Canons to check the proportion of the remodeled mandible.  The Sassouni and Krogman 
method required the researcher to place frontal and lateral planes around the skull and 
draw arcs on those planes to connect important landmarks, then the cranial base plane, 
palatal plane, occlusal plane, and mandibular plane were added up as references.  By 
Krogman’s own admission, this method is not perfect, but it provides a mandible of 
normal proportion to the face (Krogman and Đşcan 1986).     
Once the skulls were repaired, a comparison analysis was done using Geomagic 
Qualify, version 7 (Geomagic Solutions – Andover, MA).  The remodeled skulls were 
digitally matched to the target skulls and superimposed upon them.  Deviation distances 
were then measured from reference points on the original skulls to tested points on the 
remodeled skulls.  The results were presented in color-coded graphics, meaning that after 
the remodeled skull and target skull were superimposed upon one another, colors ranging 
from red, orange, yellow, green, pale blue, and dark blue appeared and represented a 
scale from maximum positive deviation to maximum negative deviation between the two 
skulls.  Skull I’s inaccuracy was 5.60%, Skull II’s inaccuracy was 10.26%, Skull III’s 
inaccuracy was 19.03%, Skull IV’s inaccuracy was 0.38%, and Skull V’s inaccuracy was 
15.12%.  The majority of the inaccuracies stemmed from the remodeled areas of the 
skulls, and the inaccuracy rate increased when the damage was more significant.   
Out of the five remodeled skulls, Skulls I and V were chosen to be facially 
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reconstructed utilizing FreeForm Modeling Plus (Geomagic Solutions – Andover, MA) 
and the Manchester method of reconstruction.  Once completed, the reconstructions were 
evaluated in three ways:  (1) superimposing the reconstructions over the antemortem 
photographs of the decedents, (2) using proportional lining to assess whether certain 
features on both the reconstruction and the antemortem photograph (the eyes, lips, nose, 
etc.) aligned correctly, and (3) utilizing an expert panel consisting of forensic 
anthropologists, forensic artists, and a digital portrait artist from the University of 
Dundee.  What the panelists found, interestingly, was that more errors were found at 
areas of the face that were not affected by the remodeled bone.  For example, on both 
Skull I and Skull V, it was found that the eyebrow pattern, alare of the nose, nasal tip, and 
shape of the eyes were all significantly different than the target individual’s features.  
Ismail (2008) concluded that these results could indicate the following external factors:  
unequal comparative data, inaccuracy of the facial reconstruction, and the researcher’s 
lack of skill and experience.        
The current thesis expanded Ismail’s (2008) research in multiple ways.  First, the 
six skulls utilized in the study were all facially reconstructed as opposed to Ismail’s 
(2008) sample of two out of five.  Second, the present researcher obtained the skulls from 
the Radiology Department at Boston Medical Center (BMC), Boston, MA.  Unlike 
Ismail’s (2008) study, the subjects are still (presumably) living individuals and not 
victims in forensic investigations.  This would eliminate the problem of unequal 
comparative data, and photographic superimposition could be conducted more efficiently 
if used.  Third, and perhaps most importantly, the type of computer-generated damage to 
 45
be done to the skulls represented damage over areas larger than just one bone.  Damage 
was simulated either down the midline of the face, as diagonal damage, or unilateral 
damage.  Finally, the researcher did not employ an expert panel when conducting a visual 
assessment of five of the skulls.  This approach was chosen for the reason that normal, 
non-expert individuals are typically the ones looking at the reconstructions when they are 
circulated to the public. 
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CHAPTER 3:  METHODS 
 Six CT scans of males with varying ancestries and age ranges were obtained 
courtesy of Margaret Lavoye and the Radiology Department at Boston Medical Center 
(BMC), Boston, MA.  Five of these skulls (A-E) were reconstructed and tested for 
accuracy for the present study while a sixth skull was reconstructed to show the method 
for this thesis. 
The biological profile information for the six skulls was not withheld from the 
researcher during the experiment as in Ismail’s (2008) study.  This information is 
presented in Table 3.1: 
 
Table 3.1.  Biological profile of skulls utilized in the present study. 
Skull Letter Sex Ancestry Age 
A Male Caucasian (White) 29 years 
B Male Asian 40 years 
C Male Caucasian (White)  21 years 
 D Male Caucasian (White)  25 years 
E Male Caucasian (White)  19 years 
F Male  Caucasian (White) 31 years 
 
 The soft tissue features of each individual were visible on the CT scans when the 
view was adjusted.  However, this study was a blind experiment; therefore, to avoid bias, 
the researcher was not to see the original hard and soft tissue images until the completion 
of the project.   
The researcher first converted the CT scans from their native Digital Imaging and 
Communications in Medicine (DICOM) format to Stereolithography (STL) format, and 
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then imported them into the software program Freeform Modeling Plus, version 11.0 
(Geomagic Solutions - Andover, MA), which ran on a Hewlett Packard (HP) laptop.  The 
industrial design community uses this software program worldwide to sculpt virtually and 
design products like toys, car parts, and shoes.  Used in conjunction with Freeform 
Modeling Plus, version 11.0, was the Phantom Haptic Device (Geomagic Solutions -  
Andover, MA), an arm that enabled the user to touch and manipulate the virtual objects 
in the program.  The software program Freeform Modeling Plus, version 11.0, the HP 
laptop, and the Phantom Haptic Device (Figure 3.1) were all provided as loaners by 
Geomagic Solutions. 
  
Figure 3.1:  Phantom Haptic Device (Geomagic Solutions – Andover, MA).  
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Remodeling the Missing Elements 
Once the skulls were imported into Freeform Modeling Plus, version 11.0, Mr. 
Gregory Mahoney, MFA, a compositor at the Boston Police Department with experience 
in both facial reconstruction and the software used in this study, removed the soft tissue 
features and simulated the damaged areas on the skulls (Figures 3.2a-3.6a).  The 
simulated damage was created using Freeform Modeling Plus, version 11.0, the HP 
laptop, and the Phantom Haptic Device.  The researcher dictated both where the 
simulated damage was to go and provided examples as to what the damage would look 
like.  The simulated damage was not representative of any injury in particular (i.e., 
postmortem taphonomic effects such as animal gnawing, soil erosion, postmortem 
breakage, etc.); rather, it was merely placing holes in the skull at previously discussed 
areas.   
To remodel each skull, the researcher first collected a sample of CT scanned, 
similar-in ancestry male skulls (henceforth referred to as the “template skulls”), again 
obtained from Margaret Lavoye and the Radiology Department at Boston University 
Medical Center (BMC), Boston, MA.  The researcher then compared the damaged skulls 
and the template skulls side-by-side to see which skulls had the closest features (i.e., head 
shape—dolichocephalic, brachycephalic, or mesocephalic—orbital shape, slope of the 
frontal eminence, curve of the nasal bones, etc.).  The template skull best matched to the 
damaged skull then had the missing features of the damaged skull copied and pasted onto 
it.  For example, Skull C was damaged in the orbital and nasal aperture regions.  The 
orbital and nasal aperture regions of template Skull C were then copied and pasted onto 
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damaged Skull C.  Once copied and pasted onto the damaged skull, the new piece was 
then manipulated to fit with the new skull.  This was done by changing the size and angle 
of the copied piece, tugging it out, and blending it in to the surrounding bone (Figures 
3.2b-3.6b).  For the skulls with more severe simulated damage, however, several different 
template skulls were needed to remodel the missing pieces.  If unilateral or diagonal 
damage was done to the skull (i.e., just the left orbit was missing), then the opposite, 
undamaged area (i.e., the right orbit in this example) was copied, mirrored, and fit to the 
damaged area.   
 
 
 
 
 
 
 
 
 
 
 
                               
Figure 3.2:  Skull A with damage (diagonally) from the right orbital region to  
the ramus of the mandible (a); Reconstructed (b); Original undamaged 
(c).  
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(a)                                                           (b) 
 
(c) 
 
 
 
                                  
Figure 3.3:  Skull B with damage to the maxillary and mandibular areas
Reconstructed (b); Original undamaged (c).  
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(a)                                                           (b) 
 
(c) 
 
 
 (a); 
   (a)                                                             (b)
Figure 3.4:  Skull C with damage to the orbital and nasal aperture regions 
(a); Reconstructed (b); Original undamaged 
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(c) 
(c). 
 
 
                                
Figure 3.5:  Skull D with damage to the maxillary area (a); Reconstructed 
(b); Original undamaged (c). 
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(a)                                                              (b) 
 
(c) 
 
 
 
                              
Figure 3.6:  Skull E with damage to the orbital region (a); Reconstructed 
(b); Original undamaged (c).  
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(a)                                                              (b) 
 
(c) 
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Craniofacial Reconstruction  
Once remodeled, each damaged skull was cleaned of visual impediments not 
relevant to actual forensic cases (i.e., headboards, tubes, etc., from medical intervention) 
or not necessary for the facial reconstruction process (i.e., cervical vertebrae).  The skull 
was then copied, pasted as a new piece, and filled with virtual “clay” to eliminate any 
empty spaces in the skull.   
Tissue depth markers were then placed on the skulls.  For the Asian skull, the 
researcher followed the recommendations and placement rules and depths of Chan (2004) 
who followed the procedure outlined in Manhein et al.’s (2000) study.  Manhein et al.’s 
(2000) study was conducted over a two-year period on a modern living sample of 551 
children and 256 adults of mixed age, sex, and ancestry.  The purpose of their study was 
to update tissue depth measurements for American adults and create tissue depth data for 
children.  Chan’s (2004) study was conducted on 101 Chinese-American adults of 
varying age and weight ranges residing in New York City.  The tissue depth data were 
gathered on nineteen points across the face; thirteen of these points were traditional ones 
often used in facial reconstruction, while the other six were points where little to no tissue 
depth data currently existed for children and adults (Figure 3.7 and Table 3.2).  All tissue 
depth data were gathered using ultrasonic technology; thus, more accurate data were 
gathered while avoiding some of the problems often associated with the more traditional 
method of data gathering (Chapter 2).  
 
Figure 3.7:  Frontal and lateral view of data points on a skull (Manhein 
al. 2000:50).   
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Table 3.2.  Tissue depth placement 
(Manhein et al. 2000) for Figure 3.7. 
Number Point 
1 Glabella 
2 Nasion 
3 End of nasals 
4 Lateral nostril 
5 Mid-philtrum 
6 Chin lip fold 
7 Mental eminence 
8 Beneath chin 
9 Supraorbital 
10 Suborbital 
11 Supracanine 
12 Subcanine 
13 Posterior maxilla 
14 Superior mid-mandible 
15 Inferior mid-mandible 
16 Lateral eye orbit 
17 Anterior zygoma 
18 Gonion 
19 Root of zygoma 
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For the Caucasian skulls, the researcher followed the tissue depth 
recommendations and placement rules and depths according to De Greef et al. (2006).  
This study measured fifty-two soft tissue depths of 967 Caucasian adults (457 male and 
510 female) of varying age and body mass index (BMI) using a mobile ultrasound-based 
system (Figure 3.8 and Table 3.3).  De Greef et al. (2006) updated current soft tissue 
depth charts to reflect those of contemporary Caucasian adults while also comparing their 
results to Helmer (1984), and Manhein et al. (2000), Rhine and Moore (1984), .   
 
 
 
 
 
Figure 3.8:  Frontal and lateral views of data points on a skull (De Greef 
al. 2006:127).     
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Table 3.3.  Tissue depth placement (De Greef et 
al. 2006) for Figure 3.8. 
 
Number Point 
1 Supraglabella 
2 Glabella 
3 Nasion 
4 End of nasal 
5 Mid-philtrum 
6 Upper lip 
7 Lower lip 
8 Chin-lip fold 
9 Mental eminence 
10 Beneath chin 
11/32 Frontal eminence 
12/33 Supraorbital 
13/34 Lateral glabella 
14/35 Lateral nasal 
15/36 Suborbital 
16/37 Inferior malar 
17/38 Lateral nostril 
18/39 Naso-labial ridge 
19/40 Supra canine 
20/41 Sub canine 
21/42 Mental tubercle anterior 
22/43 Mid-lateral orbit 
23/44 Supraglenoid 
24/45 Zygomatic arch 
25/46 Lateral orbit 
26/47 Supra M2 
27/48 Mid-masseter 
28/49 Occlusal line 
29/50 Sub M2 
30/51 Gonion 
31/52 Mid-mandibular  
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Virtual “skin” was then placed over the skull at the shallowest soft tissue 
thickness area.  This relates to the greatest area of consistent shallow tissue that primarily 
covers the neurocranium.  Usually, the markers with the shallowest soft tissue thickness 
are the frontal eminence marker or vertex marker, depending on what chart is used.  The 
skin was then smoothed out and tugged so all the markers were almost fully covered 
(they were left slightly visible so the researcher knew where they were located).  Care 
was taken to follow the underlying structure of the skull (i.e., make sure the skin over the 
mandible followed the same outline as the original bony structure).         
Facial muscles, with the exception of the temporalis and obicularous oculai, were 
imported in from a databank provided by Mr. Gregory Mahoney, who was previously 
provided it by Caroline Wilkinson.  This databank contains images of all facial muscles, 
noses, lips, ears, and neck/shoulders and was cultivated by Wilkinson (who obtained the 
images via CT scans) for the purpose of its utilization in such a facial reconstruction 
project.  If a forensic artist conducting a reconstruction did not have access to such a 
databank, she would need to sculpt the muscles and other facial features herself.  The 
facial muscles were placed at the correct anatomical positions; then the researcher created 
the temporalis muscles, parotid glands, subcutaneous fat, and tissues.  The skin created in 
the above step was then placed over the current skull, and the areas beneath the 
zygomatic bones were filled in with skin.  
Once the bases of the skulls were complete, the eyes, noses, lips, ears, necks, and 
any superficial features (i.e., wrinkles) were added.  The researcher, following the general 
guidelines explained in Chapter 2, then constructed the eyes, lips, and noses.  The ears 
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were imported from the same databank as the muscles, but were adjusted according to the 
mastoid size and angle.  A neck was imported from the databank and adjusted in size; 
next, virtual “skin” beneath the chin was added.  Depending upon the age of the 
individual, wrinkles were added, but this was an estimate, as each individual ages 
differently, and nothing on the skull can dictate to the researcher where wrinkles were 
located, if there were any.  The step-by-step process can be seen in Figure 3.9, and the 
reconstructions can be viewed in Figures 3.10-3.14. 
 
 
 
   
 
                         
 
                                 
 
 
                           (b)                                                   (c)
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                     (a) 
    
 
 
                              
Figure 3.9:  A photographic explanation of the steps involved in
Skull F with damage (diagonally) from the right orbital region to the ramus 
of the mandible (a); Reconstructed (b); Muscled (c); Pegged (d); Facially 
reconstructed with tissue depth markers showing (e).  
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(d)                                                              (e) 
 this thesis.  
 
 
 
 
 
 Figure 3.10:  Facially re
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constructed Skull A (top) and original face (bottom).   
Figure 3.11:  Facially reconstructed 
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Skull B (top) and original face (bottom). 
Figure 3.12:  Facially reconstructed 
 67
 
 
Skull C (top) and original face (bottom).   
Figure 3.13:  Facially reconstructed 
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Skull D (top) and original face (bottom).  
 
 
 
Figure 3.14:  Facially reconstructed 
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Skull E (top) and original face (bottom). 
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Accuracy Testing  
 Twenty-four individuals were asked to participate in the accuracy testing of the 
five reconstructed faces.  The assessors consisted of fourteen first year forensic 
anthropology graduate students, one forensic anthropology professor, one researcher with 
a forensic anthropology background and knowledge of human anatomy, one person with 
no scientific background, and seven third-year medical students.  All participants, with 
the exception of the individual with no scientific background, were from the Boston 
University School of Medicine.  This author wanted a wider range of individuals to 
participate in the accuracy testing rather than a group of individuals from the same field.  
This was to give a more realistic representation of the different types of people who 
would normally be exposed to a reconstructed image circulated by law enforcement.      
 In Freeform Modeling Plus, version 11.0, the reconstructed images were placed 
side-by-side next to their corresponding images.  The images were shown, one at a time, 
as the researcher manually rotated them.  The rotations were stopped on both frontal and 
left/right profiles to give the assessors a chance to look longer at both images.  The 
assessors were given one evaluation rubric per reconstructed face and asked nine 
questions about the similarity between the two images.   In the evaluation rubric (which 
can be found in the Appendix), assessors were asked specifically if they thought certain 
features (eyes, nose, lips, etc.) were similar or dissimilar to the original face.  This was to 
help the author gauge what factors may have prompted the assessors to answer the final 
question—overall similarity of the reconstruction to the original face—the way they did 
and to see if the damaged and repaired part of the skull corresponded with the areas 
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deemed most problematic.  The assessors were also told not to discuss questions with 
other present participants to avoid biasing results.   
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CHAPTER 4:  RESULTS 
Of the five reconstructions shown, the overall similarity of reconstruction B 
(Asian, male, 40 years old) resulted in the highest percentage (71%) of respondents 
concluding the reconstruction bore “no resemblance” to the original face.  For this 
specific reconstruction, each category ranked high in the bottom half of the rating scale 
(“no” or “slight resemblance”) with the most problematic feature being the similarity of 
noses in profile view.   
While none of the five reconstructions’ overall similarities ranked highly in the 
top half of the rating scale (“close” or “perfect resemblance”), Reconstructions D and E 
were each ranked by 29% of the assessors as “close resemblances”.  The assessors ranked 
none of the reconstructions’ overall similarities as “perfect resemblances”. 
The similarity of the noses and chin/jaw lines between the reconstructions and the 
original faces appeared to be the point of most contention for the assessors.  The present 
author can affirm that this was the most difficult part of the reconstruction process, while 
lips also presented a blending problem.  While it is common practice in a facial 
reconstruction to reconstruct the lips as closed (so as to avoid giving any expression other 
than neutral), this was not done here and did not appear to immediately impact the 
assessors ranking of the reconstructions.  Regarding the lips, the assessors frequently 
ranked the lips between “slight” and “close resemblance” regardless of them being 
opened or close in the original image (Reconstructions C and D presented open lips).  
The same occurred with the eyes despite them being closed in Reconstructions A and D.  
In fact, the similarity of eyes seemed to be where the assessors agreed the reconstructions 
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were the strongest.   
See the following (Figures 4.2-4.7) for a graphic representation of the results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.1:  Chart representing the accuracy distribution of 
 
Figure 4.2:  Chart representing the accuracy distribution of 
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Reconstruction A.
 
Reconstruction B.
Categories Tested
Accuracy - Reconstruction A
Categories Tested
Accuracy - Reconstruction B
 
 
 
 
No Resem.
Slight Resem.
Approx. Resem.
Close Resem.
Perfect Resem.
Unanswered 
No Resem.
Slight Resem.
Approx. Resem.
Close Resem.
Perfect Resem.
Unanswered
 Figure 4.3:  Chart representing the accuracy distribution of 
 
Figure 4.4:  Chart representing the accuracy distribution of 
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Reconstruction C.
 
Reconstruction D.
Categories Tested
Accuracy - Reconstruction C
Categories Tested
- Reconstruction D
 
 
 
 
No Resem.
Slight Resem.
Approx. Resem.
Close Resem.
Perfect Resem.
Unanswered 
No Resem.
Slight Resem.
Approx. Resem.
Close Resem.
Perfect Resem.
Unanswered 
Figure 4.5:  Chart representing the accuracy distribution of 
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Reconstruction E.
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Categories Tested
- Reconstruction E
 
 
No Resem.
Slight Resem.
Approx. Resem.
Close Resem.
Perfect Resem.
Unanswered
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CHAPTER 5:  DISCUSSION 
 Perhaps the overarching reason that none of the reconstructions resulted in higher 
percentages of resemblance was due to the researcher’s lack of artistic skill and a lack of 
experience in facial reconstruction.  Possibly, an experienced forensic artist would 
encounter the same problems as an inexperienced forensic artist, but could be better 
practiced at introducing her own biases; however, the belief of the present researcher 
remains certain that without such artistic skill and comprehensive experience in 
reconstructing faces, a facial reconstruction will likely result in a low probability of 
success when accuracy tested.  As shown in this study, while the reconstruction can look 
human in all respects, to get the reconstruction looking recognizably like the original face 
takes much more skill and knowledge of facial reconstruction.  An example best 
exhibiting this was when one assessor commented that the researcher was biased toward 
making all the reconstructions “pointy.”  The assessor may have meant that many of the 
original faces had much more rounded features (rounded nasal tips, softer looking lips, 
etc.) that were not present in the reconstructions.  The reconstructions were much more 
harsh looking, and this could have been because they were not expertly blended as 
completely as they could have been.  Another assessor mentioned how the upper portion 
of the faces (i.e., from the eyes upward) were much more accurate than other parts of the 
face.  The assessor said the brow ridges were always almost consistent in all the 
reconstructions even if those areas were the damaged ones.  Numerous accuracy studies 
have cited the skill level and experience of the facial reconstructionist as the primary 
reason why a reconstruction turns out the way it does, regardless of the method employed 
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(Stephan 2002; Van Rensburg 1993).  
 Rynn and Wilkinson’s (2006) nasal predication method was recently tested 
against Stephen et al.’s (2003) method to see which gave the most accurate prediction of 
soft nose projection using a Central European sample of eighty-six adult subjects (Mala 
2013).  Both methods are regression models utilizing cranial measurements; however, 
Rynn and Wilkinson’s (2006) method uses one linear dimension on the skull to measure 
defined points and is done in NPP (Nasion-Prosthion Plane), while Stephen et al.’s 
(2003) method uses several dimensions and angles to achieve their measurements and is 
done in FHP (Frankfort Horizontal Plane).  Mala (2013) ultimately hoped to determine 
which method was the preferential one to be used in future facial reconstructions.  
Overall, Mala (2013) found that Stephen et al.’s (2003) method produced noses that 
underestimated the average nose projection and overestimates the average vertical 
position of the pronasale. Also, Stephen et al.’s (2003) method performed better on 
female subjects than males.  Mala (2013) then found that Rynn and Wilkinson’s (2006) 
method also underestimated the average nose projection, but equaled the average vertical 
position of the pronasale.  When Stephen et al.’s (2003) results were compared with 
Mala’s (2013) results, they showed less accuracy than previously reported.  When Rynn 
and Wilkinson’s (2006) results were compared with Mala’s (2013) results, they were 
“very similar” to those presented by the researchers.  What the researcher found was that 
while Rynn and Wilkinson’s (2006) method could not be used for edentulous skulls, their 
method provided better statistical and practical results than Stephen et al.’s (2003) 
method.        
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The validation study of Rynn and Wilkinson’s (2006) nasal predication method 
was mentioned here because, as mentioned in Chapter 3, this was the method utilized in 
the current study.  The noses reconstructed here were all significantly larger than the 
original noses.  This prompted one assessor to inquire whether that had been intentional 
on the part of the researcher; it had not been.  The resulting oversize of the noses could be 
attributed to one of two reasons:  Rynn and Wilkinson’s (2006) method is flawed (likely, 
but less so given the validation study presented above and the fact that their method was 
found to underestimate average nose projection), or the measurements and math done by 
the researcher were incorrect.  Although every measurement was taken three times and 
averaged for consistency, perhaps the measurements were taken in the wrong location or 
the ruler used in Freeform Modeling Plus, version 11.0, was inaccurate.  To avoid such 
potential errors from occurring again, the researcher recommends that the points to be 
measured are identified and checked by an outside observer.  
The accuracy of the lips fell between “slight” and “close resemblance” on the 
rating scale.  Reconstruction B differed from this finding in that the assessors ranked the 
lips as “no resemblance”.  Wilkinson et al. (2003) found a positive correlation between 
maxillary teeth height and upper lip thickness and, conversely, mandibular teeth height 
and lower lip thickness.  From there, Wilkinson et al. (2003:117) devised formulae for 
predicting upper and lower lip thickness that takes into account upper and lower teeth 
height: 
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White Europeans: 
        Upper lip thickness = .4 + .6 x (upper teeth height) 
         Lower lip thickness = 5.5 + .4 x (lower teeth height) 
Asians: 
        Upper lip thickness = 3.4 + .4 x (upper teeth height) 
         Lower lip thickness = 6 + .5 x (lower teeth height) 
 
As can be seen above, these formulae differ depending on the ancestry of the 
individual and, unfortunately, are only applicable to White Europeans and Asians from 
the Indian subcontinent.  If an African American skull had been used in this study, the 
researcher would have had to employ an educated guess as to thickness.  This educated 
guess was working off the assumption that the lips part at the lower third or quarter point 
of the maxillary central incisors (Ferrario et al. 2000; Gerasimov 1975; George 1993; 
Greyling and Meiring 1993).  It is also important to note that there is natural variation in 
individuals that these formulae cannot ever predict, a key variant that presents another 
hurdle in using them.   
As tissue depth charts are split into weight categories (underweight, average, 
overweight), facial reconstructions typically err on the side of caution and utilize the 
average weight tissue depths unless there was something at the crime scene to suggest 
otherwise (large clothes, for example).  This is because if a person is going to recognize 
someone, the supposition is that no matter the weight put on by them, the inner triangle 
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(eyes, nose, and lips) will be the same and, therefore, the person will be recognizable.  
Assessors commented after filling out the rubric that the weight difference between the 
reconstruction and the original face played a part in how they ranked the similarity of the 
chin/jaw line in profile.  The majority of assessors said that that category would have 
been ranked higher had the reconstructions been made heavier. 
As Reconstruction B was ranked so poorly, an assessor brought into question the 
tissue depth measurements the researcher used for him.  The tissue depth dataset 
employed was one specifically for Chinese-American individuals, as the researcher 
wanted to keep how the tissue depths were gathered consistent (ultrasound) among the 
multi-ancestry categories.  The Radiology Department only said the individual was 
Asian, not that he was Chinese-American, so the use of this dataset could have definitely 
played a major role in how the reconstruction turned out. 
Similarly, regarding the tissue depth measurements, the assessors questioned why 
the researchers used tissue depth sets gathered when the volunteers were sitting upright 
and not when they were in supine position (i.e., ultrasound vs. needle/rubber stopper 
method).  They asked this, because the CT-scanned individuals were in supine position; 
therefore, they assumed the tissue depth measurements the researcher used were not 
relative to the situation given.  This was an interesting comment, and one that the 
researcher is not sure would have made significant difference in the final product.  The 
assessors did have a point in that the skin was pulled back on the CT scanned individuals, 
thus making the use of the cadaver tissue depth measurements more relative.  However, 
the overarching point is that those measurements were taken on a cadaver.  As mentioned 
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in Chapter 2, this makes a difference, as the skin in death is not representative of it in life 
(i.e., sunken and sallow vs. plump).  A way to rectify this situation is for more studies to 
be conducted on tissue depth measurements on living individuals in both supine position 
and when they are sitting upright.  The results can then be compared to see how much (if 
any) difference there is between the measurements.  Also, if someone were to take this 
pilot study further, tissue depth measurements for supine positioned individuals would be 
immensely useful.  
There are, however, arguments over the current and future relevancy of tissue 
depth measurements.  One assessor asked how useful each tissue depth set was for people 
of different regions across the world.  He specifically asked if the tissue depth sets that 
are listed plainly as Caucasian, African American, or Asian could be used in different 
continents and still be relevant.  This is unlikely, which is why researchers are conducting 
tissue depth tests on as many different ancestries across the world as possible.  However, 
as so many different ancestries are mixing, current tissue depth charts will be nullified, 
since they are split into these rigid ancestral groups (i.e., Caucasian, African American, 
etc.) that might not be around in the future.  While tissue depths can still be taken, the 
way they will be categorized is unknown.  Forensic artists, therefore, will have to take 
this into account for future reconstructions.     
As the researcher knew the age, sex, and ancestry of the individuals before 
reconstruction commenced, one assessor asked if this was realistic:  it is not.  However, 
the point of this study was to see if the both the skull and face could be reconstructed 
with as much accuracy as possible.  The researcher did not want any other factors 
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included that might hinder the analysis of such factors.  As this is a pilot study, future 
researchers could conduct a similar study where the biological profile of the test subjects 
is unknown.  
Lastly, during the skeletal reconstruction process, the researcher noted the outline 
of both the orbit and nasal aperture when the outer bones are cut away.  This raised the 
question of whether the orbits and nasal aperture follow the width and height size of their 
outlines or are slightly smaller or larger.  The researcher took the template skulls 
(unrelated to the destroyed skulls) and cut away the orbits and nasal apertures in 
Freeform Modeling Plus, version 11.0.  Interpolating between having the bone present 
and hiding it, thus making the outlines visible, and a quick analysis of the outlines 
showed that neither the orbits nor the nasal apertures followed their outlines.  In fact, the 
nasal aperture was always thinner than its outline.  Also, the upper border of the orbit was 
never consistent one way or another.  Sometimes the upper border of the eye orbit was 
higher and sometimes lower than the outline suggested and did not follow the curvature 
the border represented.  The researcher only looked at a small sample of template skulls 
(approximately six);  therefore, for future reconstructions of damaged skulls, it would be 
advantageous for a researcher to take this further and analyze a larger sample size of 
skulls.   
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CHAPTER 6:  CONCLUSION   
This thesis maintained that a damaged skull could be successfully repaired to look 
as close as possible to its original form by using template skulls of the same sex and 
ancestry as those of the damaged ones.  The researcher presupposed that the resulting 
repaired skulls would have slightly different faces than their original ones, but the 
features that were undamaged would look the same; therefore, assessors would still be 
able to look at the original face and the reconstructed face and rank them as a “close” or 
“perfect” match.   
This study demonstrated that the majority of the reconstructions’ overall facial 
similarities (in comparison to the original faces) were ranked either “slight” or 
“approximate resemblance”, with one reconstruction ranking a strong “no resemblance”.  
The most problematic areas for the assessors were the noses and mandibles in profile.  
The researcher was surprised that the features not affected by the damage did not fare 
higher overall rankings (“close” or “perfect resemblance”). 
 As this research is a pilot study, some things can be done more effectively in 
future attempts to achieve improved and more consistent results in a project such as this.  
First, and perhaps most importantly, the reconstructionist should be an experienced 
forensic artist.  As mentioned in Chapter 5, the experience of the reconstructionist plays a 
large part in how the reconstruction turns out and whether the reconstructed face will be 
recognized or not.  The researcher (the graduate student, for example) should be the one 
to put the damage on the skull and run the accuracy testing.  To extend this project, the 
skulls and facial reconstructions created by an inexperienced artist could be accuracy 
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tested against those reconstructions done by an experienced artist.  This would test the 
theory that experience plays a part in a reconstruction being both more accurate and 
recognizable.  Second, the study should be confined to only one ancestral group.  This is 
to avoid the cross-race effect (Bernstein et al. 2007; Sporer 2001) where the forensic 
artist begins projecting, for example, Caucasian features (i.e., narrower noses and thinner 
lips) onto an Asian face, because different ancestries are being reconstructed at the same 
time.  While it may not be an accurate portrayal of real life cases to have only one 
ancestral group, for the purposes of this study, it is relevant so the researcher can focus on 
only the issues at hand:  the hard and soft tissue reproducibility of incomplete skulls.  
Third, the CT scans should be free of all noise and the faces need to be as clean as 
possible.  Some of the faces from the CT scans in the current study had marks across their 
faces from tubes, the teeth looked shattered, one face looked like the individual had been 
punched in the eye, and a virtual headboard was impossible to remove from one face’s 
right side without removing most of the face.  Fourth, the source of the CT scans should 
double-check the ancestries of the individuals.  One of the CT scans was listed as 
Caucasian, but the original face exhibited more Asian features.  It is possible that the 
person was of mixed race, but that should have been noted by the Radiology Department.  
Possibly, the individual self-identified as that specific ancestry or the racial 
inconsistencies can be attributed to normal variation (relating to ancestries).  Not 
knowing the accurate ancestry affects the type of tissue depth chart used, which, in turn, 
negatively affects the resulting similarity of the face.  Fifth, the accuracy testing should 
be conducted using a photographic line-up of similar faces and have the assessors chose 
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which face they think matched the reconstruction best.  Then, the side-by-side 
comparison should be administered to a different group of people so as not to introduce 
bias from the original group.  The latter method of accuracy testing would give the 
researcher a better idea of where the reconstruction went wrong, which can help the 
researcher determine how to fix the problem.  Sixth, ultimately a larger sample size will 
be needed to better gauge how well this method works.  Finally, as in Ismail’s (2008) 
study, a method (i.e., Geomagic Qualify) should be used to test the accuracy of the bone 
reconstructions.   
 Future research in this area should include a more in-depth analysis of the orbit 
and nasal aperture outlines.  As mentioned in Chapter 5, the present analysis was more of 
a cursory glance to see if the outlines mirrored how the bones looked.  It would be 
beneficial for future researchers to conduct a larger study with more skulls to perceive if 
there is consistency among the outlines and the shape of the bones.       
Michael Capuzzo’s book The Murder Room contains a story called “The Case of 
the Missing Face.”  This nonfiction story is about famed forensic artist Frank Bender. 
Bender was able to reconstruct the face of a young African American female who was 
missing the entirety of her splanchnocranium – otherwise known as a La Fort 3 fracture.  
As has been noted several times in the present research, a facial reconstruction in general 
does not matter much unless the reconstruction is able to generate recognition in the 
assessors.  In fact, Bender’s reconstruction ignited recognition in the mother of a woman 
who had been missing.  Side-by-side comparisons of the photographs show a great 
likeness between the reconstruction and the woman, perhaps too great of a likeness.  The 
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fact that such a likeness was achieved when so little remained of the facial bones inspired 
this thesis.  Bender had nothing to go on except the presence of part of the sphenoid bone 
that he claimed represented the width of the nasal aperture.  This researcher wanted to 
know if such reconstructions are possible in cases of extreme damage; for if they are, that 
would open up possibilities for other severely fractured skulls to be reconstructed and, 
ideally, identified.  For all intents and purposes, this thesis has shown that it is not, 
although more research in this area is required to make a definitive determination.   
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APPENDIX  
The following is a sample evaluation rubric used by assessors in the evaluation of 
the facially reconstructed images for accuracy in this thesis.   
 
Evaluation Form – Face #X 
 
You will be shown a series of facially reconstructed images and their corresponding 
faces.  Please evaluate each reconstruction’s likeness to the original face using the below 
rating scales.  Per each face, there are nine questions.  Please answer all of them honestly.     
 
Please indicate your occupation: ________________________________________ 
 
1. Similarity of the eyes (shape, size, distance, etc.): 
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
 
2. Similarity of noses in frontal view (shape, size, width, etc.): 
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
 
3. Similarity of noses in profile view (shape, size, width, etc.):       
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
 
4. Similarity of lips (shape, size, width, etc.) 
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
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5. Similarity of the chin/jaw line in frontal view:             
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
 
6. Similarity of the chin/jaw line in profile view:        
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
 
7. If applicable to the current face, would the eyes being opened or closed make a 
difference to how you rated Question 1?: 
 1:  No 
 2:  Yes 
 3:  Maybe 
 4:  Not sure 
 5:  N/A 
 
8.  If applicable to the current face, would the lips being opened or closed make a 
difference to how you rated Question 4?: 
 1:  No 
 2:  Yes 
 3:  Maybe 
 4:  Not sure 
 5:  N/A 
 
9. Overall facial similarity:           
 1:  No Resemblance 
 2:  Slight Resemblance 
 3:  Approximate Resemblance 
 4:  Close Resemblance 
 5:  Perfect Resemblance                                      
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